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Introduction. Chicory root crops are an
In terms of cultivation

important industrial crop.
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TECHNOLOGICAL FEATURES OF
GROWING AND HARVESTING
CHICORY ROOTS

In the technology of chicory production, the most time-
consuming and imperfect process is the process of digging root crops
from the soil and cleaning them from soil and plant impurities. The root
crop harvesting technology is considered optimal when the least
losses, damage and contamination of the harvested root crops with
impurities are allowed.

For the collection of root crops of row crops, it is impossible to
completely avoid crop losses, which are caused, first of all, by the
design features of the harvesting equipment and its use in complex
soil and climatic conditions that continuously change during the work
(mechanical composition, moisture and hardness of the soil, a wide
range of variation in the parameters of the placement of plants in rows,
the state of their development, etc.), as well as the difficulty of fulfilling
agrotechnical requirements for the processes of separation of leaf-
stem mass and extraction root crops from the soil without damage
during forward movement of harvesting units. Root chicory has its own
specific features, such as the low level of mechanized cultivation
technology and the lack of special machines for harvesting chicory
root crops in Ukraine and abroad.

During the development of working bodies for digging chicory
root crops, it is also necessary to take into account the requirements of
the processing industry of chicory root crops to the quality of raw
materials. According to the specified requirements, the productive part
of chicory roots is determined from the cut line of the leaves from the
top of the root heads to the cut line of the tail part with a diameter of 15
mm. Under such conditions, the weight loss of the root crop,
depending on the broken off tail part, will be up to 6...7% on average.
A comprehensive assessment of the agrobiological and physico-
mechanical characteristics of roots of root chicory are theoretical
prerequisites for the development and design of working bodies for its
digging. The existing modern single-phase technology and technical
means used during the collection of chicory roots do not provide the
established indicators of the quality of work. At the same time, the
contamination of root crops with the remains of ghee and vegetable
impurities, waste in the ghee of the mass of cut heads to the mass of
root crops, damage to root crops due to chips significantly reduces the
quality of raw materials and the yield of their processing products. In
this regard, the task of increasing the technical level of root harvesting
machines, or indicators of the quality of digging root crops, remains an
urgent issue.

Keywords: technology, root crops, roots, chicory, growing,
harvesting, digging up working bodies, classification, combined
diggers, spherical disk.

temperate  zone, growing along roadsides,
boundaries, and in dry meadows. Cultivated chicory

technology and appearance, they are similar to sugar
beets, while their physiological and morphological
properties resemble those of carrots. The root of wild
chicory is thin, woody, and widespread in the
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roots contain 14—20% inulin, which, during hydrolysis,
is converted into fructose, alcohol, and sugar—
gualities that are significant for medicinal purposes [1].
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The processing industry extensively utilizes
fruit sugar (fructose) from the roots, as well as
valuable raw material for coffee production.
Additionally, the root crops contain 2—3% sugars, 1.5—
4% protein, and 0.6% fat. Chicory tops (greens) have
high nutritional value as fodder. On a dry matter basis,
they contain up to 22% crude protein, up to 5% fat,
and 35-40% nitrogen-free extracts.

Chicory green mass and silage are suitable
for feeding cattle, sheep, horses, pigs, and poultry.
Chicory increases animal productivity and has a
positive effect on their health. Chicory can be used for
green fodder for 2—3 years [2-5].

Analysis of recent research and
publications. The technological process of harvesting
chicory roots is primarily governed by the
agrotechnical properties of the crop, the design of the
working parts, and the layout configurations of the
root-harvesting machines and devices. In Ukraine,
within the chicory cultivation zones, there are
processing plants located in Slavuta and Chudniv.
Currently, root chicory is a fairly popular crop in
European countries, the USA, China, New Zealand,
and others [1, 6].

Despite the growing demand for chicory and
its processed products, the sown areas are not
increasing due to the low level of mechanization in the
cultivation process, particularly in harvesting.

The breeding of root chicory is conducted by
the Institute of Bioenergy Crops and Sugar Beet (Kyiv)
and the Uman Experimental Breeding Station. The
chicory root has a conical shape, similar to that of a
carrot (Fig. 1) [1, 2].

The most common varieties are Umanskyi 95
and Umanskyi 99, which have a conical shape and
medium to elongated size, making them suitable for
mechanized harvesting; Cezar, Magdeburzkyi short-
rooted, and other population varieties that include
many different biotypes. Young plants can withstand
light frosts down to —-6°C, and up to —30°C under snow
cover. Chicory is quite demanding regarding soil
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quality. It yields the best harvests on deep, fertile soils
rich in humus and lime. The average yield of chicory
roots, depending on the variety and cultivation
techniques, ranges from 130 to 250 centers per
hectare (c/ha) [1, 7].

Fig.1. General view of chicory root crops

Among the primary technological operations,
a special role belongs to the removal of the main
mass of tops (greens) and the topping of residual
foliage on the root heads, lifting the roots, cleaning the
harvested heap from impurities, loading the cleaned
roots into a transport vehicle or the harvester's hopper,
and forming field clamps for subsequent loading into
transport [1, 3, 8].

The foundation for the further development of
the scientific vision for designing chicory-lifting working
parts should be the hypothesis of the possibility of
simultaneously combining the operations of topping
residual foliage and lifting the roots using combined
diggers (Fig. 2b). This aim is to improve the quality
performance of the diggers and the technological
indicators of the root-harvesting machine compared to
disk diggers (Fig. 2a) of simple design [1, 8-10].

Fig. 2. Schemes of single-disk diggers: a — single-disk digger; b —combined digger
1 — spherical disk; 2 — axle; 3 — root guide; 4 — horizontal cleaning shaft; 5 — flange; 6 — cleaning
shaft axle; 7 — flat elastic blades; a — angle between the axes of the cleaning shaft.
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The quality of root-harvesting machines
during operation is also significantly influenced by
the distribution of chicory roots within the rows.
Irregular spacing of plants in the rows leads to an
increase in substandard (non-conforming) root
crops [10, 11]. The growth of root mass continues
until late autumn. Therefore, chicory harvesting is
carried out as late as possible (throughout
October).

Materials and methods.

Based on research into the agro-biological
characteristics and physico-mechanical properties
of chicory roots, renowned scientists [4, 9-14]
have proven that the justification of the parameters
for the digging working part must be conducted by
directly taking into account the mechanical
properties of the soil medium, the probable size-
and-mass characteristics of the root crops, and
their distribution within the row.

Results. Research has established
dependencies that allow for the forecasting of
future chicory root yields based on their actual
agro-biological parameters and the spacing
between plants in a row during the harvesting
period [4]:

Py« =281,65+4,93 Sp; Dk=48,41+0,78Sy;, (1)

Lk = 216,95+1,09 Sp; Sn=45,0 Sp; @)
k = 0,02 Sy00015: C = 2222,84 Sy

Yk = 451,67 Sp07739, 3)

where Sp is the spacing between root
crops in a row, mm.

With an increase in the interval between
plants, the height of the root heads above the soil
surface increases. In this case, the maximum
protrusion height of the heads above the soil
surface reached xmax = 50 mm, and the distribution
height hp of the root crops above the soil surface is
approximated by the equation [4]:

h, = 5,59 + 0,766 S,. 4)

The lateral deviation Sp of the root crop

placement relative to the row centerline is
described by a logarithmic curve, and the
distribution pattern follows the normal law [4]:

Sk = 65,483 - 1g(Sp). (5)

The main technological indicators of the
process of lifting a root crop heap with a single-
disk digger - based on the study of the total mass
flow rate (per second) of the lifted heap and its
individual components, namely roots and
impurities as a whole - are determined by the total
soil mass flow rate M (kg/s) from one row, which
varies within the range of 25-35 kg/s according to
the formula [13]:

M=S5V,p— W,;
S =15hsinyv2Rh — k7, (6)

where S — the cross-sectional area of the
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furrow cut into the soil by the disk, m?; Vp — the
operating speed of the digger, m/s; O - he
specific mass of the soil, kg/m3; W, - the root

crop mass flow rate (per second), kg/s; h — the
disk working depth, m; » - the disk angle of

attack, deg.; R —- the disk radius, m.

Optimization mathematical models have
been established that characterize the changes in
the total mass flow rate of the root crop heap M,
the mass flow rate of root crops My, the total mass
flow rate of soil impurities My, and the plant
impurities M,, depending on the disk parameters,
dimensional characteristics of the root crops, and
the operating conditions of the root-harvesting
machine; in this case, the total mass flow rate of
the heap from one row varies within the range of
10-13 kg/s [14]:

0125p, K, , sina S o
Ih - [S—Sh(hvkpl—Jszpz_---—Jndpn)]+
M=V, + 0K, (Vi + IV + oot §oVin)+
+2K6.pzsina1/a(Dd—a)[uz(/lﬁrlijli}
; (7)
B . S gy TS
Mp@ _pepVMKe.pl Slna[Sp _(lekal + 12 ka2 tot Jndan)J'
(8)

i i
M,=2VK,, sina.,/a(D, - a) UZ(,LH- n)m (9)

where V u - the forward speed of the root-

harvesting combine, m/s; & - the setting angle of
the spherical disk relative to the root crop row axis,

deg; K, ,, . |<6_p2

for the degree of soil and plant impurity removal
per second, respectively; pep — the specific mass

— a coefficient accounting

of the soil, kg/m3; V|, V. -,....V, — the
9 kpl1Vk,2 kon
volume of the underground part of a single i-th root
crop with the corresponding dimensional and mass
characteristics, m3; jl,jz yeeey jn — the number of

i-th root crops with the corresponding dimensional
and mass characteristics per linear meter of the

row, units; N — the depth of the spherical disk, m;
R, - the sphere radius, m; R, - the spherical
disk radius, m; a - the spherical disk working
depth, m; U . —the chicory tops yield, kg/m?.

The operating efficiency of the cleaner k is
determined by [14]:
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kK=m,/m,, (10)

where M, — the mass of the chicory tops

removed from the root crops, kg; M, - the initial

mass of all the tops on the root crop prior to its
removal, kg

Conclusions. To enhance the
technological efficiency of the chicory root
harvesting process, it is necessary to employ
technical means that account for real-world
operating conditions and soil-climatic harvesting
environments. Furthermore, the substantiation of
technological, design-kinematic parameters, and
operating modes of the combined digger’s working
elements will allow for an increase in root
harvesting completeness and a reduction in root
damage by intensifying the destruction process of
the surrounding soil environment.
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TEXHOJIOI4YHI OCOBNINBOCTI
BUPOLLYBAHHA | 3SBUPAHHA
KOPEHENNOAIB LUINKOPIIO

Y mexHonoezii eupobHuuymea UUKOPItO
Haubinbw mpydomicmkum i HedOCKoHanmuMm €
fpoyec 8UKOryeaHHs1 KopeHernnodie 3 rpyHmy ma
ix oyuweHHs 8i0 rpyHMOo8UX i POCIUHHUX OOMIWIOK.
TexHosozis 36upaHHsi KopeHernodie 88axxaembCs
onmumarsibHow, Konu donyckarombcs HalUMeHWi
empamu, [OWKOOXeHHsT ma 3abpyOHeHicmb
3ibpaHux kopeHernnodie AoMiluKkamu.

LHna 36upaHHs KopeHernodie npocarHux
Kynibmyp HEeMOXJIU80 308CiM YHUKHyYmuU empam

ypoxaro, SKi 3YMOBIIeHI, Hacamrepe?,
KOHCMpPYKmMueHUMU ocobnueocmsamu 36uparnbHOi
MexHiKu i eukopucmaHHsIM ii y  CcKrIadHuUX
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[PyHMOBO-KNiMamuy4HUX yMoeax, siki 6e3rnepepeHo  cmaHo8umuMyms 8 cepedHbomy 00 6...7 %.
3MiHIOIOMbCS Yy npoueci pobomu (MexaHiYHul KomnnekcHa ouiHka aepobionoaidyHux i
cknad, gonozicme i meepdicmb rpyHmMy, Wupokuli  Yi3UKO-MexaHiHHUX Xxapakmepucmuk
Oiana3oH eapileaHHs1 MapamMempie pPOo3MilleHHs1  KopeHernodie UUKOpIto KopeHego20 €

pocriuH 8 psdkax, cmaH iX po38UMKYy MoOw)0), a meopemuyHuMu rnepedymosamu po3pobku ma
makoxX CKalGHICMI0 BUKOHaHHS agpOMmeXHIYHUX — rpoekmyesaHHsi poboqux opeaHie Ons o020
sumoa do npouecis 8I00OKpEMIIEHHSI  8uKOMyeaHHs. IcHywy4a cy4YacHa OOHogbasHa
nucmocmebriosor macu i eumsicaHHs  mexHosioeis  ma mexHiyHi  3acobu, K
KopeHennodie i3 rpyHmy 6e3 MOWwKOOXeHb Mpu  3acmocosyiomb Mi0 Yac 36upaHHS KopeHernodie
rnocmynanbHOMYy pyci 3bupanbHux aspezamie. UuUKopito He  3abe3neqyromb  B8CMAaHOB/IEHUX
[na  yukopito kopeHesozo dodarombCs  €B0I  roKasHukie  skocmi  pobomu. [lpu  ubomy
crieyugbiyHi ocobnueocmi maki, sk HU3bKUU pigeHb  3abpyOHeHicmb KopeHernnodie 3anuwkamu audku
MexaHi308aHOi  mexHorsioeii  eupowlygeaHHs i ma POCIUHHUMU OOMiwKaMmu, ei0Xo0u 8 au4YKy
gidcymHicmb crieyianbHux mMawuH 0ns 36upaHHS ~ Macu obpidaHux 20/1080K 00 Macu KopeHenodis,
KopeHennodie UUKopito 8 YkpaiHi ma 3a KOpOOHOM.  MOWKOOXKEHHSI KopeHernnodie 3a paxyHOK CKOslie

[1id wyac pospobku poboyux opzaHie Onsi  3HAYHO 3HUXYE SKICMb CUPOBUHU mMa 8uxio
BUKOIy8aHHSI KOpeHernnodie UUKopilo HeobxiOHO  npodykmig ix nepepobku. Y 38'd3Ky 3 yum
makox  epaxosysamu  8uMoau  rnepepobHoi  3aedaHHs  MIOBUWEHHST ~ MEXHIYHO20  PIiGHS
rpomucnosocmi KopeHernodie yukopito 0o skocmi  KopeHe3dbupanbHUX MawuH, abo  MoKa3HUKIe

cuposuHu. BidnoegidHo, 00 ekazaHux eumoz  sKocmi 8UKOIMy8aHHSs KopeHennodis,
npodyKkmueHa 4YacmuHa KOpeHern100i8 UUKOPIo  3anuwiaembsCs akmyarnbHUM nUmaHHsM.
gu3Ha4YaembCs 6i0 NiHii 3pi3y nuUcmkie i3 8epxieku Knroyoei cnoea: mexHoJsioeis,

20/1080K KopeHernnodie Ao niHii 3pidy Xxe80cmoeoi  KopeHernodu, UUKOpili, 8UpOLLy8aHHS, 36UpPaHHS,
yacmuHu Oiamempom 15 mm. 3a makux ymoe  8uKorlysasibHi poboyi opeaHu, Knacugikayis,
empamu Macu KopeHernoldy 3anexHo 8i0  KombiHo8aHi konadi, cchepuyHUU OUCK.
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