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Abstract. The density of standing and uniform
distribution of plants along the length of the linear the
main factors of increasing the yield and sugar content in
sugar beets. This has been proved since the 70s of the last
century by the researches of domestic scientists of the
Institute of Bioenergy Crops and Sugar Beet (Kyiv) and
the All-Russian Research Institute of Sugar Beet and
Sugar (Ramon, Voronezh region) and western European
scientists.

The prerequisite for the uniformity of the stacking of
beets is the uniformity of the intervals between the sown
seeds, which is mainly provided by two factors. They are
the perfection of the sowing machine and the field
similarity of the seed, as close as possible to the
laboratory condition.

In the 90's, sugar beet seed sown in Ukraine mainly
by seeding machines of the mechanical type CCT-12A
and modernized CCT-12b and CCT-12B of the designed
by UkrNDISGOM (Kharkiv), Kirovogradsky PKI and
Institute of Bioenergy Crops and Sugar Beet, and
production of OJSC "Chervona zirka" (Kropivnitsky).

The SST-12V seed drill performs the granular
fertilizers application simultaneously with sowing. In the
complex with the feeder POM-630-1 it performs the
introduction of a strip of liquid complex fertilizers or
insecticides into the zone of lines. The use of the 18-row
seeder CCT-18B in comparison with the 12-line CCT-
12B allows shortening the seeding time. Due to these
advantages, the 18-row and 24-row drills were developed
in the Kirovohrad PCIl. Now such seeding drills are
exported to dozens of foreign countries.

However, the most common domestic beet seeder
with mechanical seeding machines CCT-12B at the
moment does not withstand competition with pneumatic
type drills both Western European and their analogs of
domestic production.

The article presents the results of comparative field
experimental studies of beet seeders of mechanical and
pneumatic type on the parameters of seedlings placement
accuracy.

Key words: sugar beet, seeding machine, seed, seed
rate, ladder, seedling, coefficient of variation, germination
ability.

Introduction

Sowing is the most responsible process of sugar beet
cultivation, which ensures the uniformity of seedling
along the length of the line at a given number in the area
of sowing, which ultimately determines the level of
productivity of the crop.

Formulation of problem

Modern mechanized technologies of sugar beet
production provide the seeding of seed at the final density
so that on each meter of the length of the line get 5,5-6,0
evenly spaced seedling of plants. It is very important to
correctly, determine the seed seed rates, taking into
account such factors as quality of seeds (laboratory
germination ability, single-growth and germination
energy must be at least 95%), the presence of pests and
diseases, the level of litter field with weeds, etc. Under
such conditions, the coefficient of variation of the
placement of seeds Vs, as the characteristics of the
uniformity of the intervals between them, will obviously
deteriorate when the seedling (Vs) are obtained.

Analysis of recent research results

The statistical index is the coefficient of variation,
which is the ratio of the mean square deviation to the
average arithmetic variation series (%), used by domestic
and foreign researchers since the 70s of the last century to
characterize the uniformity of intervals between seeds (Vs)
or plants (Vs) of sugar beets along the line.

Prof. Savich P.V. and Ph.D. Palamarchuk V.I. (All-
Ukrainian Scientific Institute Of Breeding, Kyiv) first
established the following coefficients depending on the
different values of the field germination ability of seeds
[1-3]:
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where P — field germination ability of the seed.
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In articles by Makovetsky O. A. [4, 5] the
mathematical dependence of the average mass of root
crop from the value of the intervals to neighboring beets
in the row of beets during the harvesting period is given
for the first time (1978):
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where [, — interval to the previous plant in a row;
[, — interval to the next plant in a row;

e — the basis of the natural logarithm;

k — rate of growth.

In 1985, Shapoval M.P. (AUSIB, Kyiv) found that
the most uniform (18-20 cm spacing) plants were located
in experimental variants, where the seed rate per 10-12
seed per 1 m row of plant density has been manually
formed. The coefficient of variation of intervals between
plants Vs was 60% and 60,4% for the seed rate of 15-17
seeds and the descaling of USMP-5,4 seedlings, followed
by manual checking [6].

Scientists of Russia [7-9] and Western European [10-
12] also confirm that the uniform spreading of seeds and
plants in rows significantly affects the productivity of
sugar beets. With a significant uneven spreading of sugar
beet plants before harvesting (the coefficient of variation
of intervals between plants in the lines Vg ~ 90-100%),
compared to the even spreading, the productivity of sugar
beets may decrease by 18-20%. Therefore, increasing the
uniformity of seed sowing and distribution of plants in
rows is one of the important factors in increasing the
productivity of sugar beet [9].

Summarization and analysis of the results of the
experiments conducted allowed authors to obtain a simple
and correct formula for calculating the value of Vg [8]:

Va=1— P;-09

where P — laboratory germination ability of the seed.

It was also established that the expected value of
sugar beet yields can be determined by the formula [8,
12]:

R,, = (095 Vg — 0,35) -0,4]-100 %,

where RW — coefficient of realization of productivity

potential (root crop productivity).

Zenin L. S. proves that there is an average
connection between seeding norm, laboratory and field
germination ability of seeds and standing density, which
allows determining the optimum seed rate for obtaining
given density (close to 100-110 thousand pcs / ha) of
standing density. There it the probability of obtaining
seedlings (field germination ability of the seed) P depends
on germination ability P, and from the conditions
affecting the appearance of seedlings [8].

In the book edited by prof. Dieter Shpaar [12] argues
that, on average, under normal favorable conditions, from

100 seeds appear about 90 seedlings. In this case, field
germination ability the seed P = 0,9 P,. That is, if the seed
norm N is known, then the expected number of seedlings
Qs can be calculated:
Qs! =NP

However, not all derived seedlings are stored in the
future. For various reasons, about 10% of them rot. As a
result, when seeding a certain norm of seed per hectare
(N), the expected density of standing beet plants (G) can
be determined by the formula:

G=N-P;08
a
90 j
..a--ZKq

< /u %\
=

>

s

©

=

S

4

o

o

.

O

<

<

>

s

©

=

S

.

o

o

.

O

Average line spacing, sm

Fig. 1. Dependence of sugar beet crop productivity
on density and uniformity of plant placement: a - after the
formation of the density of planting; b - before harvesting;
coefficient of variation of intervals: 1 - 25%; 2 - 50%); 3 to
75%; 4 to 100%; 5 to 125%; Root weights, g: — 500, — —
750, —°- 1000

Consequently, the analysis of the results of the well-
known theoretical and experimental studies showed that
the following formulas for determining the norm of seed
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sowing, calculated on the final density of plant standing is
[8]:

Pp0.8

The obtained mathematical dependence allows us to
calculate the seed rate as a linear meter of a row, and per
hectare for different widths of row spacings.

Among the papers on such subjects the Ph.D. work
of V. M. Sinchenko [13] deserves the attention, where
experimentally grounded and theoretically proved
interrelation between the density of standing, the
uniformity of plant (by the coefficient of variation) after
the formation of the density of standing and before
collection, the mass characteristics of the roots are
obtained, which prove the significance of the effect of
uniformity of spreading plants on the yield of root crops.

In particular, according to the results of studies of
model crops V. M. Sinchenko at an average interval of
20-25 c¢cm and reducing the coefficient of variation of
intervals between plants from 50% to 25% increases the
yield of root crops before harvesting at 4,7-5,3 t/ha [13]
(Fig. 1).

However, the question of the dependence of the
magnitude of the intervals between seeds from the type of
seeding machine (mechanical or pneumatic) is not
sufficiently studied.

Purpose of research

The purpose of the research is to detect the influence
of the type of seeding machine of domestic and foreign
beet seeders on the accuracy of the placement of sown
seeds, and, consequently, plant seedlings, along the length
of the line. The criterion for evaluation is a statistical
index - the coefficient of variation.

Results of research

Unlike mechanical type seeders, the principle of the
system of domestic pneumatic seed drills is that, similar
to the Western European seeding machine, for example,
seeders UPS-12 [14, 15] (the plant "Red Star") works on
the principle of dilution of the air that is created in
chambers of a fan that is driven from the tractor's power
take-off shaft. The seed, located in the zone of the digging
chamber of the seed disk, passing through the dilution
zone, is sucked to its holes. Equipped with a mechanism
for adjusting, the puller removes unnecessary seeds
leaving only one on each disk aperture. With the help of
the puller, each separated seed from seeding disk is
transmitted to a chamber wheel, the outer diameter of
which is larger than the diameter of the disc with
apertures. The seed is transferred to the zone of
atmospheric pressure, where it separates from the hole
and falls into the furrow, previously created in the soil by
drill coulter point. The velocity of the chamber wheel is
coordinated with the speed of the unit so that during the
laying of seeds in a narrow wedge-shaped seed box there
was no impulse its sliding and galloping the bottom of the
seedbed. Seeding system of pneumatic seeders reliably
ensures single seizure of seed, putting them in the desired

interval, that is, the optimal accuracy of their placement in
the line, even for sowing at high speed.

Comparative bench surveys were preceded by a
study of a mechanical seeding machine and pneumatic
with a mechanical drive of a seed disk. Seeds of various
species (dragged, inlaid) were sown on a sticky tape that
evenly moved, simulating the field. Of course, the pass
was excluded. Measuring and calculating the average
interval between seeds has been performed.

The results of research and long-term state tests
conducted at UKrNIIPVT n. a. L. Pogorely showed that
pneumatic seed drills, both foreign and domestic, provide
higher uniformity of seedling placement along the line
than the best among domestic seed drills SST-12V with
mechanical sowing devices (Table 1-2).

The value of the coefficient of variation in the value
of intervals between plants for each of the seedlings in
terms of years is somewhat different because the
conditions of sowing, operating modes of machines, the
quality of their production, as well as the accuracy of
technological adjustments in different years were uneven.
Therefore, for the convenience of comparing seeders in
relation to each of them, the average values of the
coefficients of variation of intervals between plants are
determined.

Table 1. Indicators of pneumatic seeders.

Brands of seeders
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Table 2. Indicators of mechanical seeders.

Brands of seeders

Indicators
SST-12V

Working speed,
= P 1,00 | 1,50 | 2,00 | 1.00 | 1.50 | 2.00
m/'s
Estimated
seeding rate, 8-10 12-14
pes/lm
Average mterval] 10,7 133 135 |15 107 |02
between plants, | 123 | 147 | 148 108 |93 [106
cm
CoefTicients of —??'6 799 | 846 |84 867 94.4
o |esa |e7s | 7aa |83 |#69 |sea
variation, % ¥

Type of seeding
device
Note. The numerator shows the data using ordinary inlaid
seeds of 4,5-5,5 mm fraction, in the denominator -

dragged seeds of the same fraction.

Mechanical

The value of the coefficient of variation of the
interval between plants for each of the seeders in the
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context of years is somewhat different in that the
conditions for sowing, the operating modes of the
machines, the quality of their manufacture, and the
accuracy of technological adjustments in different years
were not the same. Therefore, for the convenience of
comparing the seeders, for each of them the averaged
values of the coefficients of variation of the intervals
between plants are determined.
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SU-12 UPS-12 SST-12V

Fig. 2. Influence of the movement speed of seed
drills with a seeding rate of 8-10 pcs/m by the value of the
coefficient of variation of seedling placement (Fraction of
dragged seed of 4,5-5,5 mm).
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Fig. 3. Influence of the movement speed of seed
drills with a seeding rate of 8-10 pcs/m by the value of the
coefficient of variation of seedling placement (Fraction of
inlaid seed of 4,5-5,5 mm).
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Fig. 4. Influence of the movement speed of seed
drills with a seeding rate of 12-14 pcs/m by the value of
the coefficient of variation of seedling placement
(Fraction of dragged seed of 4,5-5,5 mm).

The average coefficient of variation V¥, of
pneumatic seeders at the sowing of draggedseeds at a
norm of 8-10 pcs/m is 49,1%, and SST-12V seeders —
69,2%, for sowing inlaid seeds, respectively, 56,7% and
81,4%.

It should be noted that the domestic pneumatic
seeders SU-12 and UPS-12 are slightly inferior to the
"reference” German seeders "Multicorn" by the
coefficient. The coefficient of variation of intervals

between the seedlings of the named seeders on average
was 48,6%, 53,9% and 41,9% [15].

Statistical processing of the obtained data showed
that with an increase in the seed drill speed Y (1,0-2,0
m/s) and a seed rate N (5-11 pcs/m), the uniformity of
seed placement in the soil along the length of the line
worsens, and the dependence of from changes in stack
layout (%) described by regression models [16]:

V,=a+aY +a¥YN+asly,
or:

I, =41,82Y + 0,89YN + 63,87/Y — 92,5, % (dragged

seeds, 3,5-4,5 mm fraction);

V,; =41,69Y + 0,90YN + 63,45/Y — 94,1, % (dragged

seeds—4,5-5,5mm);
V,; =41,20Y + 0,91YN + 63,02/Y - 87,2, % (inlaid
seeds— 3,5-4,5 mm);

V,; =41,30Y + 0,90YN + 63,04/Y — 88,3, %

(inlaid seeds— 4,5-5,5mm).

The advantages of pneumatic seed drills are
significant in the case of sowing of draggedseeds (Fig. 2,
Fig. 4), but they were also found when sowing inlaid
seeds (Fig. 3, Fig. 5), and both fractions 4,5-5,5 mm and
fractions 3,5-4,5 mm.

100
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Fig. 5. Influence of the movement speed of seed
drills with a seeding rate of 12-14 pcs/m by the value of
the coefficient of variation of seedling placement
(Fraction of inlaid seed of 4,5-5,5 mm).

Conclusions

A significant advantage in terms of the coefficient of
variation of placement of shoots of sugar beet along the
line in front of the mechanical type seeders (SST-12V,
etc.) are pneumatic seeders of domestic (UPS-12, SU-12)
and in particular, the German ("Multicorn") production
(on average 49,1% (41,9% - in "Multicorn") against —
69,2%).
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JOCHIIKEHHA [TOKA3HUKIB PO3SMIILIEHH
CXOJIB LIYKPOBUX BYPAKIB V1A [TOCIBY
HACIHHA MEXAHIYHUMU I TIHEBMATUYHUMN
CIBAJIKAMU
M. II. Bonoxa

AnoTtanis. I[inbHICT TOCTIHHOTO 1 PiBHOMIPHOTO
PO3MOAUTY pPOCITUH IO IOBXHHI JIHIHHOTO OCHOBHHX
(akTOpiB MiABUIICHHS ypPOXKAHHOCTI Ta BMICTY I[YKPY B
IykpoBux Oypskax. Lle moBeneno 3 70-X pokiB MHHYIIOTO
CTOMITTA Yy JOCHIDKCHHSAX  BITYM3HAHUX  BYCHHUX
[HCTHUTYTY OlOCHEPreTHYHHX KYyIBTYpP 1 IIyKPOBHX
oypsikiB (KuiB) i Bcepociiicbkkoro HaykoBO-ZOCIIIHOTO
IHCTUTYTY LYyKpoBHX OypskiB 1 1ykpy (Pamowns,
Bopone3bkoi 0051acTi) 1 3aX11HO-EBPONEHCHKUX BUYCHUX.

IlepenymoBOtO Uit  pIBHOMIPHOCTI  YKJIQZAaHHSA
OypskiB € 3a0e3nedeHHs] pPIBHOMIPHOCTI iHTEpBAJiB MiX
MOCiBHI HACIHHSA, IKi B OCHOBHOMY 3a0€3IeUy€eThCS TBOMA
¢dakTopamu. BoHM HOCKOHANICTH BUCIBarOUWi amapar i
MOJBOBY CXOXICTh HACiHHS, SK MOXKHa OMK4e 10
1ab0paTOPHUX YMOBAX.

VY 90-x, mykpoBux OypsKiB mHoCisiHO B YKpaiHi B
OCHOBHOMY ciBanku MexaHiuHoro tumy CCT-12A Ta
moxepHizoBanux CCT-12b i CCT-12B 3 po3pobieHoro
YxpHAICTOM (XapkiB), KipoBorpancekmii ITIK Ta
[HcTHTYTY OiOCHEPreTHYHUX KYJIBTYp 1 IIYKPOBHX
OypskiB i BupobmmurBa, BAT UepBona 3ipka
(KpOnuBHHIBKHIA).

B CCT-12B ciBamka BHKOHYE TpaHYJIbOBaHHX
JMOOpYUB  OJHOYACHO 3 IOCIBOM. Y  KOMIUIEKCI 3
x)uBmIbHUKOM [IOM-630-1 BiH 37iiiCHIOE BBEACHHS Ta3zy
PIAKMX KOMIUICKCHHX IOOpUB a00 1HCEKTHIUAIB B 30HI
miHid. Buxopucranus 18-psmHa ciBanka CCT-18B
nopiBHsiHO 3 12-miniss CCT-12B no3Bosisie  CKOpOTHTH
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CTPOKH TIOCiBY. 3aBIsKH IIMM IepeBaraM, Ha 18 psamy i
piany 24 nppuni Oymm pospoOieni B KipoBorpaachkiii
UKB. 3apa3 Taki BHCIBY CIBaJKH EKCIIOPTYETHCS B
JIECSITKH 3apyOKHUX KpaiH.

OpHak, HAWOUTBII TIOMIMPEHMM Ha BITYM3HIHHUX
OypsakiB ciBanmku MexaHiuHi ciBanku CCT-12B B nmanwmit
MOMEHT HE BUTPUMYE KOHKYPEHLIT 3 THEBMaTUYHUM THII
npwil 3axigHoi €Bpomu Ta IX aHAJOTH BITYH3HSIHOTO
BUPOOHMIITBA.

VY craTTi mpeAcTaBieHI pe3yJbTaTH IMOPIBHIBHUX
MOJBOBUX EKCHEPUMEHTAIBHUX JIOCHI/DKEHb OYpPSKOBOT
CIBAJIKM MEXaHIYHOTO Ta [HEBMATHYHOIO THIYy Ha
mapaMeTpH CifHIIIB TOYHICTh PO3MIIICHHS.

Kuro4oBi ciioBa: iykpoBi OypsKy, ciBaiKa, HACiHHS,
HOpMa BHCIBY, CXOJAH, po3cama, KoedillieHT Bapiarlii,
CXOXICTb.

UCCJIEJJOBAHME TTOKA3ATEJIEN PASMEILEHU
BCXOJI0B CAXAPHOI CBEKJIbI /IS [IOCEBA
CEMSH MEXAHUYECKUMU 1
IMTHEBMATHUYECKNMU CESIJIKAMUA
M. I1. Bonoxa

AHHOTaUHA. ITnoTHOCTB MOCTOSTHHOTO u
PAaBHOMEPHOTO pACIpENCiICHUs] pPACTCHHH 0 JUIMHE
JIMHEITHOTO OCHOBHBIX (hakTopoB TIOBBIIIICHHS
YpOKaMHOCTH U COJIEP’KaHUs caxapa B CaxapHOU CBeKIIe.
Oto gokazaHo ¢ 70-X TOMOB MPOLLIOrO BEKa B
HCCIIEIOBAaHUSX OTEYECTBEHHBIX YyuyeHbIX HWHcTuTyTa
OMOPHEPTeTUUECKUX KYJIbTYp M CaxXapHOW CBEKIBI (T.
KueB) m Bcepoccuiickoro HayqHO-HCCIIEIOBATEIHLCKOTO
WHCTUTYTa CcaxapHOW cBekibl W caxapa (Pamons,

Boponexckoii  o0macTH) H  3amagHO-€BPOICHCKHX
YYEHBIX.

Ilpeanocelnkoi  [Uisi  PaBHOMEPHOCTH  YKJIAIKU
CBEKJIBI  SIBIIIETCSI  OOECIeueHHEe  PaBHOMEPHOCTH

HHTEPBAJIOB MEXAY IIOCEBHBIE CEMEHA, KOTOphIE B
OCHOBHOM ofecrieunBaercst JaByMs (aktopamu. OHH
COBEPIIEHCTBO BBICEBAIOIIMN ammapaT U  IOJEBYIO
BCXOKECTh CEMSH, KaK MOXXHO OJlbke K J1TabopaTopHBIX
YCIIOBHSX.

B 90-x, caxapHOil CBEKJIbl IOCESSHO B YKpaumHe B
OCHOBHOM cesulku MexaHudeckoro tuna CCT-12A u
mozaepHusupoBanupix  CCT-126 u CCT-12B ¢
pa3paboTaHHOI UKrNDISGOM (XapwkoB),
Kuposorpanckuit U1K n MHCTHTYTa OMOIHEPTeTHIECKAX
KylnbTyp M caxapHOW cBekJIbl M mpousBojcTBa OAO
UYeprona 3upka (KponuBHULIKOTO).

B CCT-12B cesnka BBINOJHSET I'PaHYIHMPOBAHHBIX
yI00peHui OJHOBPEMEHHO C TOCEBOM. B komruiekce ¢
nutareieM noM-630-1 OH ocCyIIeCTBIsACT BBEICHHE Iasza
KHUJKUX KOMIUIEKCHBIX YJOOPEHUH MM MHCEKTHIUIOB B
30oHe nuHuil. Mcnonbs3zoBanue 18-psinnHas cesnika CCT-
18B mno cpaBueHuto ¢ 12-nunus CCT-12B mnosBomser
COKpaTHUTh CPOKH ToceBa. Bbnaronaps TUM
npeumymiectsaM, Ha 18 psgy u 24 psma openu ObLIH
paspaboransl B Kuposorpanckoit UKB. Ceiiuac Takue
BBICEBA CESUIKH HKCIIOPTHPYETCS B IECATKH 3apyOeiHBIX
CTpaH.

OpHako,  Hambomee  pPacHpOCTPaHEHHBIM  Ha
OTEYECTBEHHBIX CBEKIIBI CESUIKH MEXAHHYECKHE CEesUIKU
CCT-12B B [fmaHHBII MOMEHT HE BBIJICPKHUBACT

KOHKYPEHIINM C ITHEBMATUYSCKUM THUM APENH 3amaaHon
EBporibI 1 X aHaJIOTH OTEYECTBEHHOTO TIPOU3BOICTBA.

B CTaThe TIPEICTaBICHBI pe3yabTaThI
CpPaBHUTEIHHBIX TOJICBBIX JKCTIEPUMEHTATBHBIX
HCCIIEIOBAaHUM CBEKJIOBHYHOMW CESJIKH MEXaHWYECKOTO M
ITHEBMATUYECKOTO THITA Ha MapaMeTPhl CESTHIIEB TOYHOCTh

pa3MelIeHHsI.
KnioueBble cioBa: caxapHas CBeKJIa, CesUIKa,
ceMeHa, HOpMa BbIceBa, paccaga, Kod((HUIUECHT

Bapualnum, BCXOXKECTb.
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